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This paper focuses on disagreement between theoretical predictions and experimental results of
the production properties of Doubly Charmed Baryons. The kinematic dependencies are used to
clarify the discrepancy between the SELEX data and the theory. The production ratio of the Ξ+
cc
baryon in the SELEX kinematic region is presented. The recent experimental results are reviewed.
PACS numbers: 14.65.Dw, 14.20.Lq, 13.60.Rj
I. INTRODUCTION
In 2002 the SELEX collaboration published the first
observation of Ξ+cc baryon in the charged decay mode
Ξ+cc → Λ+c K−pi+ from Λ+c → pK−pi+ (1630 events) sam-
ple [1]. In 2005 the SELEX collaboration reported an
observation of Ξ+cc → pD+K− decay mode from 1450
D+ → K−pi+pi+ decays to complement the previously
reported decay [2]. The mass and lifetime also have been
measured by SELEX (see Table I).
TABLE I. This table summarizes the SELEX results on mea-
surements of the mass and lifetime of Ξ+
cc
baryon.
Source Ξ+
cc
mass (MeV/c2) Ξ+
cc
lifetime (fs)
SELEX [1] 3519 ± 1 < 33 at 90% C.L.
SELEX [2] 3518 ± 3 not reported
The production properties of Ξ+cc baryon can be ob-
tained from the measurements and compared to that of
Λ+c baryon and D
+ meson:
RΛ+c =
σ(Ξ+cc) ·Br(Ξ+cc → Λ+c K−pi+)
σ(Λ+c )
≈ 0.015
and
RD+ =
σ(Ξ+cc) · Br(Ξ+cc → pD+K−)
σ(D+)
≈ 0.004
in kinematic region xF > 0.3 [3]. Using known frag-
mentation ratio f(c → Λ+c ) = 0.071 ± 0.003 (exp.) ±
0.018 (br.) [4] and assuming Br(Ξ+cc → Λ+c K−pi+) ≈
Br(Λ+c → pK−pi+) = (5.0 ± 1.3) % [5], one can obtain
the ratio of the production cross-section:
σ(Ξ+cc)
σ(cc¯)
= RΛ+c ·
f(c→ Λ+c )
Br(Ξ+cc → Λ+c K−pi+)
≃ 2.1 · 10−2
Comparing this result with theoretically predicted
σ(Ξ+cc)/σ(cc¯) ∼ 10−6 − 10−5 [6, 7] production ratio for
fixed-target experiments, we see that measured Ξ+cc pro-
duction cross-section is at least 103 times larger than the-
oretical prediction. This is a significant discrepancy be-
tween theory and experiment. Recent searches in differ-
ent production environments at BaBar [8], Belle [9] and
LHCb [10] experiments also have not shown evidence (see
Table II) for the production properties reported by SE-
LEX. To clarify this issue we research kinematic depen-
dencies of hadronic production properties of the doubly-
charmed baryon.
II. PRODUCTION RATIO OF Ξ+
cc
BARYON
A. SELEX
The SELEX experiment is a fixed-target experiment
used the Fermilab charged hyperon beam at 600 GeV/c
to produce charm particles in a set of thin foil of Cu or
in a diamond and operated in the xF > 0.3 kinematic
region. The negative beam composition was about 50%
Σ−, 50% pi−. The positive beam was 90% protons.
The Born approximation of the hadronic production
of Ξ+cc baryon and the limitation of the model have been
discussed in Ref. [7]. Below we will use the results with-
out any additional discussions. Following [7] the parton
level production cross-sections of Ξ+cc baryons:
σˆgg = 213 ·
(
1− 4 ·mc√
sˆ
)1.9(
4 ·mc√
sˆ
)1.35
pb, (1)
σˆqq¯ = 206 ·
(
1− 4 ·mc√
sˆ
)1.8(
4 ·mc√
sˆ
)2.9
pb. (2)
One has to mention that numerical coefficients depend on
the model parameters, so that σˆ ∼ αs|R(0)|2/m2c , where
αs = 0.2, R(0) = 0.601GeV
3/2 and mc = 1.7 GeV. Let
us remind the reader that the hadron level cross-section
can be presented as
σ =
∑∫
dx
(k)
1 dx
(m)
2 fk(x1, µ)fm(x2, µ)σˆ(x1, x2), (3)
where fi(x, µ) is a parton distribution function, x is
the ratio of the parton momentum to the momentum
of the hadron and µ is the energy scale of the interac-
tion. Combining Eqs. 1, 2, 3 and using CTEQ6L [11]
parametrization for parton distribution functions, we
may expect Ξ+cc production cross-section in the kinematic
region xF > 0.4 [3] to be
σ(Ξ+cc) & 25 pb.
Upon contracting this result with predictions of the Born
approximation of two-quark hadronic production in the
2TABLE II. This table shows the production properties on σ(Ξ+
cc
) · Br(Ξ+
cc
→ Λ+
c
K−pi+)/σ(Λ+
c
) in different production envi-
ronment. The LHCb results based on the assumption that Ξ+
cc
lifetime is 100 fs and 400 fs respectively.
Source Upper Limit C.L. Production Environment Integrated Luminosity
BaBar < 2.7× 10−4 95% e−e+ collisions at √s = 10.58 GeV 232 fb−1
Belle < 82− 500 fb 95% e−e+ collisions at √s = 10.58 GeV 980 fb−1
LHCb < 1.5× 10−2 95% pp collisions at √s = 7 TeV 0.65 fb−1
LHCb < 3.9× 10−4 95% pp collisions at √s = 7 TeV 0.65 fb−1
same kinematic region, Ξ+cc production ratio at the SE-
LEX is
σ(Ξ+cc)
σ(cc¯)
∼ (10−3 − 10−2)
This result can be easily interpreted taking into ac-
count to the four-quark production properties. Assuming
that σˆ(Ξ+cc) is proportional to the parton level of the four-
quark production cross-section σˆ(4Q) and following [12]
we can see that σˆ(4Q) is growing up with the energy and
turns out to be a leading process instead of two-quark
production cross-section which dominates at the small
energies. The uncertainty of the result came from the
two-quark production cross-section. The SELEX analy-
sis strategy [3] requires xF > 0.4 for a final state (Λ
+
c plus
the positively charged track and the negatively charged
track) which leads to uncertainty of the final charm xF
distribution and cannot be considered without full mod-
eling of the production environment.
B. Belle and LHCb
The Belle experiment presented the upper limit on the
σ(e+e− → Ξ+ccX) is 82-500 fb for the decay mode with
the Λ+c at
√
s = 10.58 GeV using 980 fb−1. The most
realistic calculations [6, 13] predict σ(Ξ+cc) ≃ (35± 10)×
10−3 pb what turns out to be at least twice as less as the
given limit.
Another recent result from the LHCb experiment
provides the upper limits at 95% C.L. on the ratio
σ(Ξ+cc) · Br(Ξ+cc → Λ+c K−pi+)/σ(Λ+c ) to be 1.5 × 10−2
and 3.9×10−4 for lifetimes 100 fs and 400 fs respectively,
for an integrated luminosity of 0.65 fb−1. It is compared
with result from Ref. [6] ∼ 10−4 − 10−3. However, the
LHCb did not reach the lifetime measured by the SELEX
experiment yet.
III. CONCLUSION
In our paper we recalculated the hadronic production
cross-section of the Ξ+cc baryon in the SELEX kinematic
region and made the comparative analysis of exper-
imental data and theoretical predictions. We found
no significant discrepancy between the theory and the
experimental results of the production properties of the
doubly charmed baryons.
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